Abstract. Data concerning bevacizumab plus pemetrexed plus carboplatin as first-line treatment for patients with non-squamous non-small cell lung cancer (NSCLC) with or without brain metastases (BM) are lacking. The present study analyzed the efficacy and safety of this combination as induction therapy, followed by maintenance therapy with bevacizumab plus pemetrexed in non-squamous NSCLC patients with or without BM. Treatment-naïve patients with advanced non-squamous NSCLC and an Eastern Cooperative Oncology Group performance status score of 0-2 were eligible. Treatment consisted of carboplatin (area under the curve of 5), pemetrexed (500 mg/m 2 ) and bevacizumab (15 mg/kg) every 3 weeks for 6 cycles. Responders and patients with stable disease received maintenance therapy with bevacizumab plus pemetrexed until disease progression, which was evaluated every 3 cycles, or unacceptable toxicity. Kaplan-Meier median progression-free survival (PFS) and overall survival (OS) times were the primary endpoints, and safety was the secondary endpoint. In total, 39 patients, aged 44-78 years (median, 60 years), were treated; 11 (28.2%) of whom presented with BM. The majority of patients (56.4%) completed 6 cycles of induction therapy, and 26 patients continued on to maintenance therapy. The median PFS time was 8.2 months [95% confidence interval (CI), 7.05-9.35] and the median OS time was 14.0 months (95% CI,). Median PFS and OS times did not differ significantly between patients with or without BM (log rank (Mantel-Cox): PFS, P=0.748 and OS, P=0.447). The majority of patients (76.9%) did not experience adverse events during treatment. Overall, bevacizumab plus pemetrexed plus carboplatin as induction therapy, followed by bevacizumab plus pemetrexed as maintenance therapy was effective and well tolerated in advanced NSCLC, whether brain metastases were present or not.
Introduction
Lung cancer is the leading cause of cancer-related mortality worldwide (1) . The age-standardized (world) lung cancer mortality rate in Greece shows that one in two cancer-related mortalities in men are caused by lung cancer (50%); the figure for women is much lower at 6.3% (2) . The majority of patients (70%) exhibit advanced disease at the time of diagnosis (3), and 5 years after diagnosis, only 16 .6% of patients remain alive (4) .
Research in the field of more effective management of lung cancer is clearly worthwhile, with the goal of increasing survival while maintaining quality of life, and promising advances have been made. The current standard of care for advanced non-small cell lung cancer (NSCLC) is cytotoxic combination chemotherapy with a platinum compound (carboplatin or cisplatin) and one other agent, such as pemetrexed, vinorelbine, paclitaxel, gemcitabine or docetaxel (5,6). Therapy is usually administered for a maximum of 6 cycles unless the disease progresses or there is no response (6) .
Pemetrexed inhibits thymidylate synthase and other folate-dependent enzymes involved in the metabolism and synthesis of DNA precursors. A phase III randomized study showed significant survival benefits of pemetrexed over gemcitabine in combination with cisplatin as first-line treatment for non-squamous NSCLC. Median overall survival (OS) was 11.8 months for the pemetrexed arm, with a hazard ratio (HR) of 0.81 [95% confidence interval (CI), 0.70-0.94; P=0.005), compared with 10.4 months for gemcitabine (7) .
Further survival and disease control benefits have been documented with the addition of bevacizumab to platinum-based chemotherapy doublets in the first-line treatment of non-squamous NSCLC (4) . Bevacizumab, a humanized monoclonal antibody against vascular endothelial growth factor, is a vascular-targeted therapy that may inhibit neovascularization. The addition of bevacizumab to chemotherapy combinations resulted in a novel treatment standard based on the results of Eastern Cooperative Oncology Group (8) . Progression-free survival (PFS) was also significantly longer in the bevacizumab group, and survival rates at 1 and 2 years were greater compared with chemotherapy alone (51 and 23% with bevacizumab, vs. 44 and 15% without bevacizumab, respectively) (8) . The addition of bevacizumab to standard combination chemotherapy appears to improve overall survival (9) . Currently, the combination of bevacizumab plus pemetrexed and a platinum agent has emerged as an important first-line treatment for non-squamous NSCLC. To date, findings with this combination have been reported in only 7 studies: The first phase II study in 2009 (10), 4 further phase II studies (11) (12) (13) (14) , 1 observational study (15) and 1 population-based study (16) . Furthermore, published data for the administration of this combination to patients with brain metastases (BM) have been reported for only few cases, and no comparisons of survival between patients with and without BM are available. More research in this area is clearly required, as the frequency of tumor metastases to the central nervous system is increasing, and it is estimated that 20-40% of all patients with systemic cancer develop BM (17).
The present single-center observational study aimed to contribute to the current knowledge on the efficacy and safety of combined bevacizumab plus pemetrexed plus carboplatin therapy in patients with advanced non-squamous NSCLC. This analysis includes patients with BM.
Patients and methods
The present study was an open-label, observational study conducted at the St. Savas Anticancer Hospital in Athens, Greece. Medical records of lung cancer patients treated at the hospital clinic between September 2011 and October 2014 were reviewed for eligibility. All patients were treated once written informed consent was obtained.
Patient eligibility. Patients with inoperable locally advanced stage IIIB or IV non-squamous NSCLC were eligible for the study. The patients should have received bevacizumab plus pemetrexed plus carboplatin as first-line therapy. Further inclusion criteria were an ECOG performance status (PS) score of ≤2 and adequate hematological, hepatic and renal function as follows: Hemoglobin, >9.5 g/dl; absolute neutrophil count, >1,500/dl; platelet count, >100,000/dl; international normalized ratio, <1.5; total bilirubin, <1.5 times the upper normal limit; and serum creatinine, <2.0 mg/dl. Patients were excluded if they had mixed NSCLC, small cell tumors, mixed adenosquamous carcinoma and if they were epidermal growth factor receptor-or anaplastic lymphoma kinase-positive. Patients with currently non-life threatening BM were included.
Treatment. The treatment schedule consisted of induction therapy with carboplatin (area under the curve, 5), pemetrexed (500 mg/m 2 ) and bevacizumab (15 mg/kg), every 3 weeks for 6 cycles. The patients also received vitamin B12 and folic acid supplementation (1 mg) prior to the first chemotherapy administration. Patients without disease progression at the end of induction therapy received bevacizumab (15 mg/kg) and pemetrexed (500 mg/m 2) as maintenance therapy until disease progression or unacceptable toxicity. An evaluation was performed every 3 cycles.
Response to treatment. Response was assessed using the Response Evaluation Criteria in Solid Tumors, version 1.1 (18) . Computed tomography (CT) scans were obtained after the first 2 cycles and every 3 cycles thereafter. The treating physicians assessed the clinical condition of the patients, and documented improvement or worsening, or stable disease (SD). Weight loss, appetite changes, pain levels and pain relief were also documented. The safety profile was monitored and toxicity grades were assigned according to the National Cancer Institute Common Terminology Criteria, version 4 (19). Data collection and statistical analysis. The primary endpoints were the median PFS and OS times. Survival estimates were calculated using Kaplan-Meier analysis and log-rank (Mantel-Cox) testing for between-group comparisons. PFS time was calculated from the administration of the first cycle to the time of disease progression. OS was calculated from the administration of the first cycle to the time of mortality from any cause. Patients who were alive or remained on treatment at the data cutoff date for the analysis were censored at that date. Actuarial PFS and OS percentages were also calculated via the 'cumulative proportion surviving at end of each month' Life Tables analysis (20, 21) . Secondary endpoints were safety and response to therapy, namely, a complete response, partial response (PR), SD and progressive disease. Descriptive statistics were used. All analyses were performed with the use of the statistical package SPSS version 13.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results

Patient characteristics.
A total of 39 patients with non-squamous NSCLC were administered induction therapy with bevacizumab plus pemetrexed plus carboplatin as first-line treatment during the study period. Half of the patients were >60 years old and the 64.1% were men (Table I) . At diagnosis, 24 patients (61.5%) presented with stage IV disease and an ECOG PS score of 0 (Table I) . The majority of patients (66.7%) exhibited single site metastasis, and most often this was lung or bone metastasis (Table I ). In total, 11 patients (28.2%) presented with BM, all symptomatic. Upon BM progression, as verified by CT scan, radiotherapy was administered, while study treatment was discontinued and modified accordingly. Half of these completed >5 maintenance therapy cycles (median, 5.5 cycles; range, 1-16 cycles; mean, 6.2 cycles; standard deviation, 3.9 cycles). In total, 13 patients completed ≥4 cycles, 9 patients competed ≥6 cycles, 5 patients completed 1-5 cycles, 4 patients completed ≥10 cycles and 8 patients remained on treatment upon completion of follow-up.
Response and survival analysis. A total of 28 patients completed 6 cycles of induction therapy, and in half of the patient population, disease was stabilized. From the remaining population, the majority achieved a PR (Table II) . Actuarial PFS and OS percentages remained high at 6 months and gradually decreased thereafter (Table III) . Median PFS time was ~8 months, and OS ranged between 12 and 16 months, with no statistically significant differences between men and women (Table IV) . Subpopulation of patients with BM at diagnosis. The response to treatment for patients with and without BM did not differ significantly after 3 or 6 months (Table II) , nor were there significant differences [log rank (Mantel-Cox)] for median PFS (P=0.748) or OS (P=0.447) time (Table IV; Figs. 1 and 2) . However, the OS survival curve for patients with BM at diagnosis had a much steeper slope, suggesting worse survival for these patients (Fig. 2) .
Toxicity. The majority of patients (30/39; 76.9%) did not experience adverse events during treatment. Neutropenia occurred in 4 patients, renal function deterioration in 2 patients, myelotoxicity in 2 patients, hypersensitivity responses to carboplatin in 2 patients, and anemia and fever in 1 patient, respectively. All were manageable and none led to treatment discontinuation or dose modification. There were no treatment-related mortalities.
Discussion
The present study population consisted of newly diagnosed, treatment-naïve patients with non-squamous metastatic NSCLC with or without BM. Patients received induction therapy with a combination of bevacizumab plus pemetrexed plus carboplatin, followed by maintenance therapy with bevacizumab plus pemetrexed. Analysis showed good survival times and a favorable safety profile in all patients, regardless of the presence of BM.
Findings for the same treatment as in the present study, i.e., induction and maintenance therapy in treatment-naïve non-squamous NSCLC patients, were available from only 7 studies (10-16). The main design characteristics and treatment outcomes of these studies are summarized in Table V. A total of 5 studies were phase II studies (10-14), 1 was a population-based study (16) , and only 1 was an observational study with similar design characteristics to the present study (15) . The present study results of a median PFS time of 8 months, and a range of OS times of between 12 and 16 months are similar to those reported in these previous trials, in which the shortest PFS time was 5.6 months in the population-based study by Nakamura et al (2012) (16) and the longest was 10.2 months in the phase II study by Spigel et al (2012) (12) . For OS, the shortest median was 12.6 months in the PointBreak study by Patel et al (2013) (13) and the longest was 19.3 months in the population-based study by Nakamura et al (2012) (16) . Notably, the population-based study of Nakamura et al (2012) (16) reported the shortest median PFS time and the longest median OS time, indicating that a shorter PFS time does not necessary imply a worse OS time. The only study with a design similar to the present study, i.e., an observational, single-center study, was that by Malhotra et al (2010), which did not report median OS and PFS times, but did report response rates (RR) and actuarial survival percentages: 52% of patients exhibited a PR, disease control was documented for 40%, and the actuarial OS and PFS rates after 12 months were 83 and 63%, respectively. The corresponding results of the present study were lower than this, but high overall; in terms of RR, the results were close to the 34.1% reported in the PointBreak study (13) and the 35% reported in the study by Spigel et al (12) . In terms of disease control, the present results lie within the range reported by the remaining studies, with the lowest rate of 30.4% reported in the study by Yokoi et al (14) and the highest rate of 65.9% in the PointBreak study (13) . Special attention should be paid to the present findings with regard to the patients with BM. BM are present in 7-10% of stage IV lung cancer patients at the time of diagnosis, and in 20-40% following disease progression (22) . The incidence of these metastases is increasing (23) . Patients with BM have a worse prognosis, a worse quality of life and an increased risk of mortality (22, 24) , and OS in these patients is extremely poor (22, 25, 26) . Patients with BM used to be treated with steroids and whole-brain radiation therapy. Chemotherapy was not an option due to concerns over the limited permeability of the blood-brain barrier (27) . Patients with BM were therefore excluded from chemotherapy and were ineligible for clinical trials (22) . Nowadays, it is known that the blood brain barrier is disrupted when brain metastases develop (27, 28) . Certain trials have been performed on the activity of first-line chemotherapy on brain metastases in NSCLC and have shown response rates ranging from 23-50% (27) . No data, however, have been published for first-line bevacizumab plus pemetrexed plus carboplatin therapy in this group of patients. Indeed, except for the PointBreak study (13) , all other studies excluded patients with BM and the population-based study did not report outcomes on such patients (16) . In the PointBreak study, the subgroup analysis on the patients with BM did not compare treatment activity between patients with and without BM, however, within the subgroup of patients with BM, it compared the efficacy of the two treatment arms of bevacizumab plus pemetrexed plus carboplatin and bevacizumab plus paclitaxel plus carboplatin. The present study compared patients with and without BM, and did not observe any differences in terms of efficacy and safety between the two groups. The number of patients was small and it is therefore not possible to draw firm conclusions, but it is worth pointing out that despite the worse prognosis of patients with BM, the survival outcomes with bevacizumab plus pemetrexed plus carboplatin were similar to those observed in patients without BM.
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To the best of our knowledge, there have been no further reports on the effects of the combination of bevacizumab plus pemetrexed plus carboplatin on non-squamous NSCLC patients with BM, although data with different combinations of the individual components have been published. For pemetrexed, data regarding patients with BM have been published in the first-and second-line settings. A response rate of 40% for newly diagnosed BM was reported by Bailon et al (2012) (29) in 30 patients with non-squamous NSCLC following first-line therapy with pemetrexed plus carboplatin. The median OS time was 39 weeks (29) . In a phase II study by Barlesi et al (2011) (30) , first-line therapy with pemetrexed plus cisplatin resulted in an overall RR of 34.9% (95% CI, 21-50.9) and a disease control rate of 72.1% (overall response plus SD rate). The study enrolled 43 patients with NSCLC and BM. Median OS time was 7.4 months (95% CI, 5.8-9.6). Positive effects of pemetrexed in second-line treatment (34 patients) and third-line treatment (5 patients) were reported in an observational study by Bearz et al (2010) (31) in 39 patients with advanced NSCLC and BM: 69% of the patients experienced a clinical benefit (15 PR and 12 SD). Radiological evidence for a cerebral benefit that included PR and stable brain disease was recorded in 82% of the patients (32 patients). The median OS time was 10 months. The results of these three studies indicate that pemetrexed is a good treatment option in such patients (29) (30) (31) .
With regard to carboplatin in patients with BM, Bernardo et al (2002) (32) reported an RR of 45% for carboplatin plus vinorelbine plus gemcitabine in the first-line setting. The study enrolled 22 patients with NSCLC and BM, with a median survival time of 33 weeks (range, 18-62 weeks) (32). Edelman et al (2010) (33) evaluated the activity of the doublets carboplatin plus gemcitabine, paclitaxel plus gemcitabine and carboplatin plus paclitaxel in 1,135 patients with advanced NSCLC. A median OS time of 7.7 months (95% CI, 6.7-9.3) and an RR of 28.9% were achieved in the 194 patients (17.1%) with BM (33) .
Regarding the use of bevacizumab in NSCLC patients with BM, it should be mentioned that such patients were initially excluded from the relative studies. This was due to alleged concerns over an increased risk of intracranial hemorrhage after the mortality due to cerebral hemorrhage of a woman with hepatocellular carcinoma treated in a phase I study (28, 34, 35) . Hepatocellular carcinoma, however, may itself lead to cerebral hemorrhage due to impaired liver function and subsequent coagulopathy (34, 36) . Furthermore, accumulated safety data do not show an increased incidence of cerebral hemorrhage in patients with NSCLC and central nervous system (CNS) metastases. Such patients should therefore not be denied bevacizumab treatment (34, 37, 38) . A retrospective analysis of safety data from 13 randomized controlled trials with 4,760 patients under bevacizumab therapy (91 with CNS metastases) did not show an increased risk of developing cerebral hemorrhage while on treatment with bevacizumab (34) . The phase II PASSPORT study was specifically designed to evaluate the safety of the administration of bevacizumab in 115 patients with non-squamous NSCLC and BM (38). Bevacizumab was administered in the first-(n=76) or second-line (n=39) setting in different combinations with chemotherapeutic agents. No grade ≥2 cerebral hemorrhage was observed (38). The ARIES observational study evaluated the efficacy and safety of bevacizumab plus chemotherapy in 1,967 treatment-naïve patients with advanced NSCLC; 8% of the patients exhibited BM (39) . Overall, 1.2% of the total population suffered from pulmonary hemorrhage and 0.2% from grade 3-5 CNS hemorrhage. The median OS time was 13.0 months (95% CI, 12.2-13.8 months). In general, the efficacy and safety profiles were similar to the results reported in the large phase III trials, SAIL (40) and E4599 (8) , and the phase IV AVAIL study (41) . Although patients with BM are no longer considered ineligible for bevacizumab administration (4) and the European Medicines Agency (EMA) removed label restriction on March 25, 2009 , to allow patients with untreated CNS metastases to receive bevacizumab (42, 43) , information regarding its activity in non-squamous NSCLC patients with BM is lacking.
The present findings in everyday clinical practice with bevacizumab plus pemetrexed plus carboplatin as first-line therapy for non-squamous NSCLC therefore contribute to the better understanding of the activity of this regimen in this population, including patients with BM.
The observational design of the present study is a limitation, as it is susceptible to systemic bias, for example, data entry errors, reporting errors, missing data and unrecorded confounders. However, such a design reflects the everyday clinical setting and has fewer restrictions than a controlled phase II study. The small sample size is a further limitation that could be overcome in future analyses with a multicenter collaborative design. The major strength of the study is its contribution to the current understanding of the activity of bevacizumab plus pemetrexed plus carboplatin in the first-line therapy of advanced non-squamous NSCLC patients, including those with BM.
Overall, induction treatment with a combination of bevacizumab plus pemetrexed plus carboplatin, followed by bevacizumab plus pemetrexed as maintenance therapy in a small number of patients in the everyday setting was effective and well tolerated in advanced NSCLC, with similar survival benefits for patients with and without BM, despite the worse prognosis of the former.
